Electrical conductivity, pH, organic matter, carbonates and five heavy metals (Fe, Mn, Zn, Cu and Pb) were measured seasonally in the sediments of River Nile (Egypt) during 2015. Ten sectors include 30 sites were selected along River Nile from Aswan to Armant to assess the levels of the studied parameters. Heavy metals in sediments were in the order of Pb < Cu < Zn < Mn < Fe, which indicated that Pb was found to be the least concentration in sediments, whereas Fe was the most accumulated element. Pearson's correlation coefficients among the measured parameters were tested. Zn, Cu and Pb were positively correlated with electrical conductivity and organic matter accumulation and also they were positively correlated with each other. Sediments pollution load was studied through pollution indices [geo-accumulation index, pollution load index, modified degree of contamination, contamination factor and enrichment factor]. The pollution indices confirmed that the River Nile sediments in the studied area were not contaminated with these heavy metals except for some samples collected from certain sites as a result of the anthropogenic activities at these sites.
Introduction
River Nile is one of the largest rivers in Africa , with an area of 2.9 x 106 km 2 extending from latitude 4° south to latitude 31°N. This river flows northward into the Mediterranean Sea from its remotest source in Tanzania into the outlet of Damietta and Rosetta branches, Egypt. and industrial wastewater is causing pollution to the aquatic ecosystem of River Nile, where uncontrolled wastewater discharges resulted in water quality health impacts on human and fish. 3 Heavy metals are toxic to a water body. Soil leaching and weathering of minerals are the natural sources of heavy metals in water. The anthropogenic sources of water pollution with heavy metals are associated with domestic, agricultural and industrial wastewater. Heavy metals contamination in aquatic ecosystems affected on plant and animal. 4 Heavy metals such as Fe, Mn, Cu and Zn are essential metals with a vital role in biological systems, whereas Pb and Cd are toxic metals. 5 Heavy metals bioaccumulate, in living tissues, causing some serious health concerns. 6 There is increasing interest in understanding the extent to which contaminant metals associated with river sediments are bioavailable to organisms. Heavy metals accumulate in aquatic ecosystems (water, biota and sediments). Sediments have a main role in the remobilization of heavy metal pollution in aquatic systems. 7 Sediments are responsible for transporting of heavy metals in the aquatic environment, 8 and have the potential to release the bound metals to overlying water. 9 High levels of heavy metals in sediment resulted from anthropogenic influences. 10 The sediment quality of River Nile and heavy metals contamination have been the topics of interest for many authors. [11] [12] [13] [14] [15] [16] [17] [18] [19] Rivers and other water-stream settings are prone to receive significant metal inputs along their course from different sources. Once heavy metals enter water stream, they can be quickly adsorbed onto particles and eventually deposited in sediments where accumulate. However, river systems are highly complex where finer sediments with larger surface area may enhance trace metal enrichment (low hydrodynamic energy), while in high energy flows, fine metal-rich particles are removed from the river bed and transported to the water column. It is therefore important to assess the extent of metal enrichment in river sediments since they can act as point sources of contamination to other unpolluted sites.
This study aimes to assess the spatial and temporal (seasonal) variation of physico-chemical characteristics (electrical conductivity, pH, organic matter and carbonates) and some heavy metals (Fe, Mn, Zn, Cu and Pb) along a 200 km stretch of River Nile, Egypt. Also, to study the relationships among heavy metals concentration and key environmental parameters (i.e. electrical conductivity, pH, organic matter and carbonates). Additionally, the contamination levels of River Nile sediments with heavy metals (Fe, Mn, Zn, Cu and Pb) will be examined by using different pollution indices such as contamination factor (Cf), enrichment factor (EF), pollution load index (PLI), modified degree of contamination (mCd), and geo-accumulation index (I geo ).
Materials and Methods

Study Area
Samples of surface sediments were collected during 2015 from the midstream (M), eastern (E) and western (W) banks of ten different sectors along River Nile from Aswan to Armant, Egypt as shown in Fig. 1 . Description of sampling locations along River Nile is illustrated in Table 1 .
There are contamination sources for River Nile in the studied area which are: 1.
Leaded petrol used in outboard boat engines.
2.
El-Sail drain, which receives domestic wastewater and industrial wastewater from Egyptian Chemical Industries Company (KIMA) producing ammonium nitrate fertilizer 
Analytical Methods
The pH and electrical conductivity (EC) of sediment samples were measured by using a portable meter (Martini Mi805, Romania). The pH was measured in the supernatant suspension of 1:5 sediment:water (w/v) mixtures. 21 The electrical conductivity (EC) was measured in 1:5 sediment:water (w/v) extracts. 21, 22 The organic matter content of sediments was indirectly estimated through the multiplication of the total organic carbon concentration, determined by dichromate oxidation method, by conversion factor. Organic carbon present in sediment sample is oxidized completely by a known amount of excess potassium dichromate in sulfuric acid medium and the remaining potassium dichromate is then titrated against ferrous ammonium sulfate using ferroin as an indicator. The dichromate consumed by the sample is equivalent to all oxidizable organic carbon. 21, 23 The carbonates of sediments were determined by back titration method where calcium carbonate present in sediment sample is neutralized with a known amount of excess hydrochloric acid and the remaining hydrochloric acid is then titrated against sodium carbonate using methyl orange as an indicator. The hydrochloric acid consumed by the sample is equivalent to carbonate content. 21 For heavy metals analysis, sediment samples were digested before determining total metals using nitric acid-hydrochloric acid digestion technique.
20,21 0.5 g of oven-dried sample, ground to 250 µm particle size, was transferred to a 250 mL beaker, moisten with 0.5 to 1 mL distilled water, 10 mL HNO 3 -HCl digestion mixture was added and the beaker was swirled to control effervescence and to ensure good mixing then covered with a watch glass to minimize contamination. The sample was brought to a slow boiling on a hot plate and evaporated to the lowest volume possible before dryness. Concentrated HNO 3 -HCl digestion mixture was slowly added as indicated previously in 5 mL increments as necessary until digestion was completed as shown 
Statistical Analysis
Pearson's correlation coefficients (r) among the measured parameters were examined using IBM SPSS Statistics 16 software package.
Pollution Indices
Five pollution indices were used to investigate the contamination levels of the studied heavy metals (Fe, Mn, Zn, Cu and Pb) in River Nile sediments, which are as following:
Enrichment Factor (EF)
The enrichment factor was used to monitor the level of pollutants and the possible anthropogenic effect in River Nile sediments. The geochemical normalization of the examined heavy metal with respect to a conservative element such as Si, Fe or Al was employed. 24 Several authors successfully used Fe to normalize heavy metal contaminants. [25] [26] [27] In the present study, Fe was used as a conservative element.
The enrichment factor value was calculated according to the modified equation 28, 29 as follows:
where Cn is the concentration of the examined element in the sediment sample, CFe is the concentration of the reference element (Fe) in the sediment sample, Bn is the background concentration of the examined element, and BFe is the background concentration of the reference element (Fe).
Several authors usually refer to world average shale, 30 world surface rock 31 and/or upper continental crust compositions 32 as natural background reference, but these data are not representative of the local lithology and can mislead the interpretations. 33 To overcome this difficulty, we used in this study the average values of available local background references for Fe, Mn, Zn, Cu and Pb determined by Toufeek, 11 Abdel-Satar, 12 Moalla et al. 14 and ElKammar et al. 15 which are 20867, 1299, 128, 42 and 25 mg/kg, respectively.
Geo-accumulation Index (I geo )
Geo-accumulation (I geo ) is a common approach employed to estimate the sediment enrichment of metal concentrations. 34 The I geo values were calculated for the studied metals using the following equation 35 :
where Cn is the concentration of the examined metal in the sediment sample, Bn is the geochemical background concentration of the examined element, and the factor 1.5 is used to minimize the effect of possible variations in the background values which may be attributed to lithologic variations in the sediments.
36
Contamination Factor (Cf) The level of contamination in sediment was carried out using the Cf factor suggested by Hakanson37 and calculated as follows:
where C n is the concentration of the examined element in the sediment and B n is the geochemical background concentration of the examined metal.
Modified Degree of Contamination (mC d )
The numeric sum of the eight contamination factors for eight pollutant species (Hg, Pb, Zn, As, Cu, Cr, Cd and the organic pollutant PCB) expressed the overall degree of sediment contamination (C d ), and all the eight species must be analyzed in order to calculate the correct C d . 37 As a result of these limitations, modified and generalized form of the Hakanson's equation was presented by Abrahim 38 for the calculation of the overall degree of contamination (mC d ) as follows:
where n is the number of analyzed elements or pollutants and Cf is the contamination factor of the examined element in the sediment sample.
Pollution Load Index (PLI)
The pollution load index (PLI) was expressed as the n th root of the multiplied contamination factors of the examined elements in sediment 39 as follows:
where C f is the contamination factor of the examined metal in the sediment and n is the number of analyzed metals.
Results and Discussion Physicochemical Characteristics Electrical Conductivity (EC)
Electrical conductivity (EC) levels in River Nile sediments at the investigated area were in the ranges of 34-3507 µs/cm, 26-3450 µs/cm, 27-3347 µs/cm and 21-2885 µs/cm during winter, spring, summer and autumn, respectively (Fig. 2) . EC had a wide range from 21 µs/cm at the midstream of Kom Ombo sector (4M) during autumn to 3507 µs/cm at the east of Gezira sector (2E) during winter.
The highest values of EC in River Nile sediments 3507 µs/cm, 3450 µs/cm, 3347 µs/cm and 2885 µs/cm were recorded at the east of Gezira sector (2E) during winter, spring, summer and autumn, respectively as a result of El-Sail drain wastewater intrusion (domestic and industrial wastewaters), and therefore contains high concentration of dissolved salts. The previous results stated that the EC levels of River Nile sediments collected from river banks were in the ranges of 690-1835 µs/cm 13 and 898-2724 µs/cm 19 .
Hydrogen Ion Concentration (pH)
The seasonal variations of pH values in River Nile sediments in the studied area were in the ranges of 6.50-8.79, 6.50-8.61, 6.52-7.92 and 6.47-8.79 during winter, spring, summer and autumn, respectively (Fig. 3) . The lowest pH value (6.47) was recorded at the west of Domariya sector (6W) during autumn, while the highest one (8.79) was recorded at the midstream of Sebaiya and Esna sectors (7M & 8M) during winter and autumn, respectively. These results were in agreement with those obtained by Korium et al. 13 and Fawzy et al. 19 on River Nile sediments, in which they recorded that the pH values of surface sediments were in the ranges of 6.85-8.15 and 7.60-8.40, respectively. The lowest recorded pH values in River Nile sediments may be attributed to the bacterial and fungal action in the sediments, where these activities liberate methane and hydrogen sulfide as well as the formation of organic acids and other breakdown products. 40 
Organic Matter (OM)
Organic matter (OM) levels in River Nile sediments at the investigated area were in the ranges of 0.11-12.86%, 0.04-12.66%, 0.08-12.30% and 0.12-9.75% during winter, spring, summer and autumn, respectively (Fig. 4) . OM ranged between the minimum value (0.04%) at the midstream of Farisiya sector (9M) and the eastern bank of Armant 
Heavy Metals Content
Heavy metals (Fe, Mn, Zn, Cu and Pb) were measured in the sediment samples and tabled in Table 2 . Maximum Fe concentration (55920 mg/kg) was at the west of Aswan sector (1W) during winter, while the lowest (4114 mg/kg) was at the east of Kom The abundance of heavy metals in River Nile sediments was in the order of Pb < Cu < Zn < Mn < Fe with mean concentrations of 24072, 461.02, 69.35, 24.99 and 5.40 mg/kg, respectively. This indicated that Fe was the most accumulated element in sediment, where this may be attributed to the fact of Fe is the highly abundant element in the earth's crust, whereas Pb was found to be the least concentration. This is in agreement with the results reported by Goher et al.8 on Lake Nasser sediments and Fawzy et al. 19 on River Nile sediments.
Statistical Analysis
Pearson's correlation coefficients among the measured parameters in River Nile sediments (n = 120) are presented in Table 3 .
The pH was negatively correlated with EC, OM, Zn, Cu and Pb, which indicated that the pollution of River Nile sediments with dissolved solids, organic matter and these metals resulted in pH decreasing.
The positive significant correlations of EC with OM, CaCO 3 , Zn, Cu and Pb indicated the association of organic matter, carbonate and these metals with dissolved solids in Nile sediments.
Organic matter was positively correlated with CaCO 3 , which indicated that both OM and CaCO 3 were dependent. Also, there were positive significant correlations between OM with Zn, Cu and Pb which meaned that the distribution of these heavy metals in sediment was associated with organic matter accumulation. 41 These results agreed with the results of Khalil et al. 42 on Lake Burullus sediments.
The positive significant correlations between carbonate with Mn indicated to the association of 13 on River Nile sediments. Based on the observed associations, organic matter seemed to be the principal carrier phase for some heavy metals (Zn, Cu, Pb) in the studied River Nile sediments because it had a large supportive capacity. 12 Also, the positive correlations of Fe/Mn, Zn/Cu, Zn/ Pb and Cu/Pb indicated that each two elements were closely associated with each other and originated from a common source in Nile sediments. 43 
Pollution Indices Enrichment Factor (EF)
Five contamination categories44 are recognized on the basis of the enrichment factor (Table 4) .
Enrichment factor values of the measured heavy metals in River Nile sediments are presented in Fig. 6 . According to the above suppositions listed in Table  4 , River Nile sediments in the studied area had minimal enrichment of Mn, Zn, Cu and Pb except for that collected from the east of Kom Ombo sector Contamination Factor (C f ) Hakanson 37 defines four categories for the contamination factor (C f ) as illustrated in Table 6 .
The C f levels of the measured heavy metals in River Nile sediments are indicated in Table 7 .
According to the Cf levels (Table 7) , River Nile sediments in the studied area had moderate contamination of Fe except for those collected from the midstream of Gezira sector (2M), the east and the midstream of Khattara sector (3E & 3M), the east and the midstream of Kom Ombo sector (4E & 4M), the midstream of Atwany sector (5M), the midstream of Sebaiya sector (7M), the midstream of Farisiya sector (9M), and the midstream of Armant sector (10M) which showed low degree of contamination with Fe. Though the concentration of Fe in the majority of River Nile sediments at the studied area had a contamination factor (Cf) greater than 1, it is not a priority pollutant. This may be regarded to that this element (Fe) is naturally high in the sediments.
The Cf values for Mn, Zn, Cu and Pb in River Nile sediments at the studied area were less than 1 indicating low contaminated sediments except for those collected from certain sites. The east of Gezira sector (2E) showed moderate contamination of Zn, Cu and Pb. This contamination may be due to the dumping of El-Sail drain wastewater, which contains high levels of these elements. The west of Gezira sector (2W) showed moderate contamination of Pb. The main source of contamination with this element (Pb) may be due to the leaded petrol used in outboard boat engines. The east of Kom Ombo sector (4E) showed moderate contamination of Cu. This contamination may be as a result of the industrial wastewater disposed from Kom Ombo Sugar Cane Factory through Kom Ombo drain into River Nile. The west of Armant sector (10W) showed moderate contamination of Cu. This contamination may be due to the industrial wastewater disposed from Armant Sugar Cane Factory into River Nile.
Modified Degree of Contamination (mC d )
The mCd classification and description 34 are presented in Table 8 . The mC d levels of sediments with heavy metals are shown in Fig. 8 .
The mC d levels in River Nile sediments at the studied area were less than 1.5 indicating very low degree of contamination except for the sediment collected from the eastern bank of Gezira sector (2E), which had a low degree of contamination (mC d = 1.785). This may be due to El-Sail drain contamination, which receives industrial and domestic wastewaters and directly disposed into River Nile. The PLI provides a simple comparative means for the level of heavy metal pollution. The PLI values of unity indicate heavy metal loads near to the background level and that above 1 indicate pollution. 45 The pollution load index of sediments with heavy metals is shown in Fig. 9 .
The PLI values of River Nile sediments at the studied area were below the unity indicating unpolluted sediments except for that collected from the east of Gezira sector (2E), which was classified as polluted (PLI = 1.348). This may be regarded to El-Sail drain pollution, which receives industrial and domestic wastewaters and directly disposed into River Nile.
Conclusion
The abundance of heavy metals in the Nile sediments at the studied area was in the order of Pb < Cu < Zn < Mn < Fe indicating that Fe was the most accumulated element in sediments, whereas Pb was found to be the least concentration. Organic matter seemed to be the principal carrier phase for heavy metals in the studied River Nile sediments because it had large sorptive capacity.
According to the pollution indices for the studied heavy metals (EF, I geo , C f , mC d and PLI), River Nile sediments were not contaminated with these heavy metals except for some sediment samples collected from certain sites due to the anthropogenic influences at these sites. 
